Background/Aims: Circular RNAs (circRNAs) compose a large class of RNAs that can be used as biomarkers in clinical blood samples. This study aimed to determine the expression of circRNAs in peripheral blood mononuclear cells (PBMCs) from rheumatoid arthritis (RA) patients to identify novel biomarkers for RA screening. Methods: We started with a microarray screening of circRNA changes in PBMCs from 5 RA patients and 5 healthy controls. We then confirmed the selected circRNA changes in PBMCs from 30 RA patients and 25 age-and sex-matched controls using the real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR). Spearman correlation test was performed to assess the correlation of circRNAs and clinical variables. Receiver operating characteristic (ROC) curve was calculated to evaluate the diagnostic value.
Microarray Expression Profile of Circular RNAs in Peripheral Blood Mononuclear Cells from Rheumatoid Arthritis Patients

Introduction
Rheumatoid arthritis (RA) is a chronic disease characterized by autoimmunity and systemic inflammation with progressive impairment of the joints that leads to lifelong disability and increased mortality [1] . Early diagnosis and proper treatment can prevent severe disease manifestations in patients with RA. Despite advances in the treatment of RA in recent years, including the introduction of biologic therapies and the use of combination disease-modifying anti-rheumatic drug (DMARD) strategies, remission rates remain suboptimal [2] . It may be because the real cause of the disease is still unknown.
Circular RNAs (circRNAs), a unique class of endogenous RNAs, compose mainly of transcripts from the exons and are formed by non-colinear reverse splicing by covalently joining the 3'-and 5' -ends from the back-splice events. They are widely expressed in mammalian cells and play crucial roles in the regulation of gene expression at the transcriptional or post-transcriptional levels [3, 4] . Compared with traditional linear RNA, circRNAs do not have the free 3′ or 5′ ends, but form covalently closed continuous loops [5, 6] . This confers resistance to RNase R treatment, allowing circRNAs to be selectively enriched during sample processing and making them more suitable biomarkers than other types of RNA [7] [8] [9] . Studies demonstrated that circRNAs are involved in the development of several diseases, such as cancer [10] [11] [12] , Alzheimer's disease [13] , major depressive disorder [14] , atherosclerotic vascular disease [15] , and pre-eclampsia [16] . Recent studies have found that circRNAs can bind to microRNAs (miRNAs) and act as "miRNA sponges" by sequestering target miRNAs and preventing them from regulating other endogenous target genes. CircRNAs can also interact with RNA-binding proteins to regulate gene transcription [17, 18] . For example, a recently identified miR-7 circRNA sponge contains more than 70 conserved miR-7 sites. This circRNA sponge strongly suppresses miR-7 activity and increases the expression of miR-7 target genes [18] . Although circRNAs are considered important biological molecules to understand gene regulation and associated disease pathogenesis, it is important but not tested whether these circRNAs may also serve as disease biomarkers for both diagnosis and medical treatment. Little is known about these RNAs in human RA.
This study was designed to determine whether circRNAs in PBMCs could be used as novel biomarkers for RA diagnosis. Altered changes of circRNAs may lead to the understanding of potential mechanisms of RA development and therapeutic strategy.
Materials and Methods
Patient variables
A total of 65 participants were recruited consecutively for this study: 35 patients with RA and 30 healthy controls. All RA patients were newly diagnosed at the Department of Rheumatology and Immunology at Nanfang Hospital of Southern Medical University between 2015 and 2016. Age and sex-matched healthy subjects who received a regular physical examination at the Department of Health from the same hospital were recruited as control subjects. All RA patients fulfilled the American College of Rheumatology criteria for the classification of RA [19] . Patients receiving any type of nonsteroidal anti-inflammatory drug, DMARD, glucocorticoid, immunesuppressor, or biological agent, or those with severe liver or kidney diseases, were excluded. All study protocols were approved by the ethics committee of Nanfang Hospital of Southern Medical University (NO.NFEC-2015-102). Written informed consent was obtained from all participants.
PBMC preparation and total RNA extraction
PBMCs from each donor were isolated using density centrifugation (400 g for 35 min) of 8 mL of blood layered on 6 mL of 1.077 g/mL Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden) at 25˚C. The cells were frozen in Trizol (Invitrogen, Carlsbad, CA, USA) at a concentration of 5-7 × 10 and subsequent data processing were performed using the R software package (R version 3.1.2). The microarray work was performed by KangChen Bio-tech, Shanghai, China.
Quantitative RT-PCR analysis cDNA was synthesized from total RNA using a Prime-Script RT reagent kit with gDNA Eraser (TaKaRa, Shiga, Japan). The primers used in qRT-PCR are shown in Table 1 . β-actin was used as an internal control. The data were analyzed using the 2^-∆∆Ct method and presented as relative expression levels from three independent experiments.
Statistical analysis
The groups were compared to evaluate the statistical significance using the Mann-Whitney test, Student's t-test, Wilcoxon signed-rank test or Chi-square test, as appropriate. Associations between parameters were analyzed using the Spearman rank correlation. ROC curves were performed to evaluate the diagnostic value of circRNAs that were dysregulated in the PBMCs of RA patients compared to healthy controls. P < 0.05 was considered as statistical significant. All statistical analyses were performed using SPSS version 16.0 (SPSS Inc., Chicago, IL).
Results
Circular RNA expression profiling in PBMCs from patients with RA
The baseline characteristics of all study participants are presented in Table 2 . To identify circRNAs that were differentially expressed in RA, we performed microarray analysis with circRNAs in the PBMCs from 5 patients with RA and 5 age-and sex-matched healthy controls using an Arraystar Human circRNA Microarray version 2.0. After normalization of the raw data, we identified 12 circRNAs that were differentially expressed between the two populations by screening for log2 fold-changes greater than 1.5 ( Fig. 1A) and P < 0.05 (Fig.  1B) . Compared with healthy controls, we found that 9 circRNAs were up-regulated and 3 were down-regulated in patients with RA (Table 3) . A heat map was created to group the circRNAs based on their expression levels among the samples (Fig. 1C) .
Quantitative RT-PCR validation of diffe rentially expressed circRNAs
To validate the microarray expression data, we selected 10 dysregulated circRNAs, including 8 up-regulated circRNAs (092516, 003524, 103047, 405527,104871, 080802, 101873, 090069) and 2 down-regulated circRNAs (407202, 405718) ( Table 3 , Fig. 1C ) for further assessment based on their P values (< 0.05), fold changes (> 1.5) and their raw intensities (> 100). Quantitative RT-PCR was performed to validate the 10 candidate circRNAs using an independent set of samples from 30 RA patients and 25 healthy controls. Consistent with the microarray data, the average expression levels of circRNA_092516, circRNA_003524, circRNA_103047, circRNA_104871, and circRNA_101873 in the PBMCs of patients with RA were significantly higher than those of the healthy controls, while the expression of circRNA_080802, circRNA_090069, and circRNA_407202 did not show any remarkable differences between patients with RA and the healthy controls (Fig. 2) . The expression levels of circRNA_405718 and circRNA_405527 were not detectable in the PBMCs from RA patients or healthy controls.
Spearman correlation test of clinical variables and confirmed circRNAs in PBMCs from
RA patients
To determine whether the significantly and differentially expressed circRNAs in the PBMCs from RA patients were relevant biomarkers for the severity of RA, we performed the Spearman correlation test to assess the correlation between RA-related clinical features and circRNA_092516, circRNA_003524, circRNA_103047, circRNA_104871, and circRNA_101873 in the PBMCs from RA patients. As shown in Table 4 , the levels of all confirmed circRNAs in the PBMCs from RA patients did not correlate with DAS28, CRP, ESR or HAQ, which reflect the severity of the disease. However, they did correlate with each other. For example, the level of circRNA_003524 correlated with the level of circRNA_103047 (r = 0.824, P < 0.01).
ROC curve analysis of confirmed PMBC circRNAs among RA patients
To assess the potential value of significantly and differentially expressed circRNAs for RA diagnosis, we performed ROC curve analysis. ROC curves of confirmed circRNAs showed that the levels of circRNA_104871, circRNA_003524, circRNA_101873, and circRNA_103047 in PBMCs could separate the patients with RA from the healthy controls. The highest AUC was found for circRNA_104871 (AUC: 0.833, 95% CI 0.721-0.944, P < 0.001), followed by 2 . Quantitative RT-PCR determined the relative expression levels of circRNAs in PBMCs from 30 RA patients and 25 healthy controls. The probability values were calculated using the Mann-Whitney test or Student's t-test, depending on data distributions, based on the comparisons with the RA and healthy control groups. Table 4 . Spearman rank correlation coefficients of clinical variables and quantitative RT-PCR-confirmed circRNAs in PBMCs from RA patients. Abbreviations: ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; HAQ: health assessment questionnaire; DAS28: disease activity score in 28 joints; RF: rheumatoid factor; anti-CCP: anti-cyclic citrullinated peptide antibodies. *P < 0.05, **P < 0.01 studies have revealed that circRNAs can be used as diagnostic or predictive biomarkers for hepatocellular carcinoma [11] , pre-eclampsia [22] , gastric cancer [23] , and bladder cancer [24] . However, little is known about the role of circRNAs in RA. In this study, we performed a microarray analysis of dysregulated circRNAs by comparing the transcriptome profiles of PBMCs from patients with RA and those from healthy controls. A total of 12 significantly and differentially expressed circRNAs were detected, with 9 circRNAs up-regulated and 3 downregulated. These observations may assist future pathophysiology researches in RA and help determine whether circRNAs in PBMCs could be used as novel, non-invasive biomarkers for RA diagnosis and treatment. PBMCs compose mainly lymphocytes and monocytes. We compared the numbers of monocytes and lymphocytes between the RA and healthy control groups, and we found no significant difference (P > 0.05, Table 2 ), suggesting that the differences in circRNA expression from PBMCs between the RA and healthy control groups were not because of lymphocyte or monocyte number differences.
CircRNA microarray profiling and qRT-PCR validation identified circRNA_092516, circRNA_003524, circRNA_103047, circRNA_104871, and circRNA_101873 significantly and differentially expressed in the PBMCs of RA patients compared with those from healthy controls. These results indicate that the altered expression of circRNAs may be related to their involvement in the pathogenesis of RA. Furthermore, our study found that the expression of all confirmed circRNAs in the PBMCs of RA patients was not correlated with DAS28, CRP, ESR or HAQ, indicating that these circRNAs may not be relevant biomarkers for disease severity or systemic inflammation in RA. However, we found that the levels of some confirmed circRNAs correlated with each other; for example, the level of circRNA_003524 correlated with the level of circRNA_103047 (r = 0.824, P < 0.01). Therefore, we speculate that these circRNAs may interact with each other directly or indirectly, although further experiments are needed to test this possibility. In addition, in this study, we found that the levels of circRNA_104871, circRNA_003524, circRNA_101873, and circRNA_103047 in PBMCs have potential diagnostic value for RA. This was especially true for circRNA_104871, which showed a highest ROC AUC value among all others, indicating its high potential as a diagnostic biomarker.
There are however some limitations in the present study. First is the relatively small sample size; these data may be confirmed in large-scale studies and in other populations with different races or from different regions. Second, to determine whether circRNA_104871 can be a diagnostic biomarker, it should be evaluated for its ability to effectively distinguish RA from other rheumatic diseases, such as systemic lupus erythematosus (SLE), osteoarthritis (OA), and ankylosing spondylitis (AS), which are also characterized by joint damage. These other rheumatic diseases should be included in further studies to strengthen the contention that circRNA_104871 may serve as a diagnostic biomarker for RA. Third, we did not analyze circRNAs in the plasma or serum. Studies have shown that exonic circRNA is not stable in the serum, with a half-life of less than 15 s [18] , and that circRNAs compose only a small percentage of the total RNA.
Conclusions
Our study is the first to measure circRNA expression in PBMCs from RA patients and from healthy controls. Our findings might enhance our knowledge regarding the role of circRNAs in RA. In addition, we found that circRNAs may have value in RA diagnosis. These observations should have potential clinical significance, and may help understand the molecular mechanisms and biological functions of circRNAs in RA, all which merit further investigation.
